INTRODUCTION
In recent years, cyanide-bridged coordination polymers [1, 2] and their various functions and multifunctions such as photomagnets [3] [4] [5] [6] [7] and chiral magnets [8] [9] [10] [11] [12] [13] [14] , including N,N'-dimethyl-cyclohexane-1,2-diamine ligands [14] , have been studied vigorously. From the viewpoint of crystal engineering, structural dimensionality, flexibility (static structural strain and dynamic structural changes by external physical stimulus), and tuning of electronic properties by these factors are important things for rational design of functional materials. In this context, even slight strain of crystal lattices may play a significant role in obvious switching of electronic properties [15, 16] . Indeed, negative thermal expansion of cyanide-bridged coordination polymers is caused by not only lattice strain by appropriate vibrational modes of cyanides but also reversible inclusion or release of cocrystallized water molecules [17, 18] .
Structural tuning caused by co-crystallized water molecules is also known for some cyanide-bridged systems. For example, a chiral coordination polymer, [Cu(RR-chxn) 2 ] [Ni(CN) 4 ]·nH 2 O (RR-chxn = trans-cyclohexane-(1R,2R)-diamine), loses co-crystallized water molecules on heating accompanying with structural change from one-dimensional zigzag structure (n = 2) to one-dimensional straight one (n = 0) [19] . Originally, we reported on novel axial coordination bonds of pseudo Jahn-Teller elongation and semi-coordination indicating ionic character for [Cu(RR-chxn) 2 ][M(CN) 4 ]· *Address correspondence to this author at the Department of Chemistry, Faculty of Science, Tokyo University of Science, 1-3 Kagurazaka, Shinjukuku, Tokyo 162-8601, Japan; Tel: +81-3-5228-8271; Fax; +81-3-5261-4631; E-mail: akitsu@rs.kagu.tus.ac.jp 2H 2 O complexes [20, 21] . The long axial interatomic distances are Cu-N = 3.120(8) Å, 3.092(8) Å, and 3.09(1) Å for M = Ni [20] , Pd [21] , and Pt [20] , respectively. Moreover, we have systematically studied on cyanide-bridged bimetallic assemblies containing Cu II ions of mononuclear [22] [23] [24] [25] [26] , straight one-dimensional [27, 28] , two-dimensional ones [29, 30] , and co-crystals of mononuclear and one-dimensional ones [30] . Dimensionality, steric factors, and ionic radii, in particular the magnitude of Jahn- 
MATERIALS AND METHODOLOGY

General Procedure
The precursor complex, [CuL 2 (H 2 O) 2 ](NO 3 ) 2 , was prepared according to the literature procedure by using the corresponding ligands [31] . Commercially available (1S,2S)-(+)-N,N'-dimethyl-cyclohexane-1,2-diamine (TCI) and the rest of reagents and solvents (Aldrich) were used as received without further purification. 
Physical Measurements
Elemental analyses (C, H, N) were carried out on a Perkin Elmer 2400II CHNS/O analyzer at Tokyo University of Science. Infrared spectra were recorded as Nujol mull on a JASCO FT-IR 460 plus spectrophotometer in the range of 4000-400 cm -1 at 298 K. Diffuse reflectance electronic spectra were measured on a JASCO V-560 spectrophotometer equipped with an integrating sphere in the range of 1000-220 nm at 298 K. Circular dichroism (CD) spectra were measured as KBr pellets on a JASCO J-820 spectropolarimeter in the range of 800-200 nm at 298 K. Luminescence excitation and emission spectra of the solid compounds were recorded by a JASCO FP-6200 spectrofluorometer using a sample holder developed for powders at 298 K. Powder XRD patterns were recorded with a Rigaku Rint 2000 diffractometer employing Cu K radiation ( = 1.54184 Å). Powder XRD patterns were also measured by using synchrotron radiation beamline at KEK-PF BL-8B with 8 keV ( = 1.54184 Å) under variable temperature apparatus of nitrogen stream equipped with a Rigaku imaging plate. All the samples were measured for 3 min and constant ring current (440 mA). The magnetic properties were investigated with a Quantum Design MPMS-XL superconducting quantum interference device magnetometer (SQUID) at an applied field 5000 Oe in a temperature range 5-300 K. Powder samples of 39.31, 40.47, and 40.31 mg for 1, 2, and 3, respectively, were measured in a pharmaceutical cellulose capsule. The apparatus signals and the diamagnetic corrections were evaluated from Pascal's constants. The temperature-independent paramagnetism was not added to the data set. X-ray photoelectron spectra (XPS) were recorded with a JEOL JPS-9010MC at 298 K. Powder samples were pressed as pellets and put under ultra high vaccum to reach the 10 -8 Pa range. The nonmonochromatized Mg K source was used at 10 kV and 10 mA, as a flood gun to compensate for the nonconductive samples. The binding energy of the spectra was calibrated in relation to the C 1s binging energy, which was applied as an internal standard. X-ray fluorescence spectra (XRF) were measured with a PANalytical Epsilon 5 by using Ge K source at 298 K. The thermal gravimetry (TG) and the differential thermal analysis (DTA) were recorded on a Rigaku TG8120 instruments in the atomosphere at a heating rate of 10 K/min. -alumina was used as the reference sample, and the examined samples of 1, 2, and 3 were 4.438, 4.157, and 3.597 mg, respectively.
X-ray Crystallography
Blue prismatic single crystals of 1 (0.161 x 0.112 x 0.106 mm) and blue violet prismatic single crystals of 2 (0.180 x 0.080 x 0.040 mm) were glued on top of a glass fiber and coated with a thin layer of epoxy resin to measure the diffraction data. The X-ray intensities were measured at 100 K for 1 with graphite-monochromated Mo K radiation ( = 0.71073 Å) on a Bruker APEX2 CCD diffractometer. The structures were solved by direct methods using SHELXS97 [32] and expanded by Fourier techniques in a SAINT program package [33] (including SHELXTL version). The structures were refined on F 2 anisotropically for nonhydrogen atoms by full-matrix least-square methods with SHELXL97 [32] . Empirical absorption corrections were applied by a program SADABS [34] . The hydrogen atoms were included in geometrically calculated position with C-H = 0.980 Å and refined by using riding model. Since hydrogen atoms could not be observed in the difference Fourier map, we could not introduce hydrogen atoms of water molecules connected to O1 and O2 atoms for 1. Although residual electron density was also found in the difference Fourier maps, the models containing these peaks as water molecules resulted in increase of R-values. Therefore, we could not assign them and we could not discuss hydrogen bonds closely. These bad results in refinement are mainly due to thermal vibration of oxygen atoms of co-crystallized water. Although we have tried some cases of model structures, we can not set suitable restraint or constraint without bias or unreasonable results. Therefore, we employed the present result as described. Unfortunately, single crystals suitable for X-ray analysis could not be obtained for 3.
Crystallographic data for 1. 
RESULTS AND DISCUSSION
Molecular structure of 1 is depicted in Fig. (1) and selected bond distances and angles of 1 are described in the caption. Complex 1 is consisted of a discrete binuclear Cu IINi II complex linked by one cyanide-bridge and two molecules of co-crystallized water. The Cu II ion affords a distorted five-coordinated square pyramidal [CuN 5 ] coordination geometry with Cu-N = 2.195(7) Å. A conventional index of the degree of Jahn-Teller distortion, T, is defined by the ratio of equatorial Cu-N bond distances / axial Cu-N bond distances [35] . The magnitude of distortion of axial bonds can be described to be T = 0.935 for 1.
2-moiety affords a square planar coordination geometry being in accordance with other examples associated with Ni II bond radii [36] and cyanide groups. In contrast to short axial bond of Cu-N-C = 138. Molecular structure of 2 is depicted in Fig. (2) 2-chromophores are strongly interacted via bent bridges having slightly overlapped orbitals. Along the onedimensional cyanide-bridges of 2, hydrogen bonds are formed via bridging cyanide (N3) H-acceptor connected to an amino hydrogen atom. While free cyanide (N4) Hacceptor connected to another amino hydrogen atom. As recent studies of heating indicated [19] , some cyanide-bridged coordination polymers exhibit reversible structural changes accompanying with losing or containing cocrystallized water molecules. Because of bulky organic ligands and steric factors due to ionic radii of M 2+ ions in [M (CN) 4 ] 2-moieties, complexes 1-3 take predominant (bridged or discrete) structures as determined. Because powder samples are easy to lose co-crystallized water molecules even at room temperature, their compositions, powder diffraction, spectral and magnetic data are not reliable in usual sense in view of measurements for stable compositions except for crystal structures based on single crystals. The determined structures of 1 and 2 can be regarded as two opposite sides of variable structures, and actual structures or composites of 1-3 may be intermediate of them. They can convert each other continuously by losing co-crystallized water molecules from cyanide-bridged frameworks.
Under such proposition based on experimental facts, powder XRD patterns of 1-3 measured with a laboratory system are shown in Fig. S1 . Three predominant peaks appeared at 2 = 10.48, 13.24, and 16.30˚ for 1, 2 = 9.42, 13.94, and 16.90˚ for 2, and 2 = 9.40, 13.92, and 16.86˚ for 3. The fact that 2 and 3 are similar to each other and different from 1 suggests that 2 and 3 are isostructural, though crystal structure of 3 has not determined yet.
On the other hand, in order to examine thermallyaccessible structural changes such as negative thermal distortion [37] and crossover of magnetic orbitals by Jahn-Teller distortion [38, 39] , we measured variable temperature (cooling) XRD patterns (Figs. S2 and S3) for structurallycharacterized complexes 1 and 2. The X-ray beam generated from synchrotron radiation with = 1.54184 Å was employed to avoid bad effects of absorption. For cyanidebridged coordination polymers, heating is important for structural changes associated with co-crystallized water molecules, while cooling is effective for structural distortion resulting from lattice strains. As listed in Table S1 , parameters derived from Bragg's law (2dsin = n ) indicated that at 100-300 K complexes 1 and 2 exhibited positive (normal) thermal expansion as a function of temperature continuously without structural phase transition nor losing co-crystallized water molecules.
The IR spectra (not shown) of 1 showed strong cyanide stretching peaks at 2125 and 2148 cm -1 . The splitting of bands is attributed to the fact that the cyanide ligands coordinates to Cu II ions and three free cyanide ligands. On the other hand, 2 and 3 exhibited the corresponding peaks at 2125 and 2136 cm -1 and 2126 and 2136 cm -1 , respectively. As for the latter cases, two types (two bridged and two free) of cyanide ligands and weight of metal ions should affect on the results [40] .
Diffuse reflectance spectra (Fig. S4) [42, 43] .
The corresponding CD spectra in KBr pellets (Fig. S4) exhibited a broad d-d peak at 17100 cm -1 for 1, 17200 cm -1 for 2, and 17200 cm -1 for 3. Similarly to the diffuse reflectance spectra, spectral feature of 1 is slightly different from that of 2 and 3, namely shift of low-wavenumber tail of charge transfer bands at 21700, 21700, and 21800 cm -1 for 1, 2, and 3, respectively.
Although quenching by [CuL 2 ]
2+ moieties was expected, 3 exhibited novel emission band at 410 nm ( ex = 360 nm) from [Pt (CN) 4 ] 2-moiety in the solid states (Fig. 3) . Indeed, 4 ]·2H 2 O did not exhibit such emission [20] . The present example is the second example among the related compounds. Fig. (3) . Solid state emission spectra ( ex = 360 nm) for 3 at 298 K.
The XPS of 1-3 were measured in the range 0 -1000 eV at 298 K. The peaks of C 1s, N 1s, and O 1s appeared at 284, 399, and 531 eV, respectively. As for organic ligand moieties, these features are similar to the related complexes [20, 21, 27] . The Cu 2p 1/2 and Cu 2p 3/2 peaks appeared at 954 and 934 eV, respectively for 1-3 (Fig. S5) . These signals do not show abnormal peak separation nor the satellite structure typical of Cu I derivatives, which confirms the Cu II valence state. As for [M(CN) 4 ] 2-moieties, the Ni 2p 3/2 and Ni 2p 1/2 peaks appeared at 874 and 856 eV for 1 (Fig. S6) , the Pd 3d 5/2 and Pd 3d 3/2 peaks appeared at 345 and 340 eV for 2 (Fig. S7) , and the Pt 4f 5/2 and Pt 4f 7/2 peaks appeared at 78 and 74 eV for 3 (Fig. S8) . Coordination number is an important factor for shifting XPS peaks [27] .
The magnetic moments (Fig. S9) exhibited considerably smaller values in the higher temperature region than expected values for magnetically diluted Cu II compounds with s = 1/2, though the related one-dimensional complexes exhibited weak antiferromagneic interactions via cyanidebridges [44] [45] [46] [47] 2-moieties in the bridged structure.
